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Abstract 
A linearised navigation control law for multi-legged walking robots is presented. The proposed model is stated in terms of 
robot's global acceleration, and formulated as an average of the Cartesian speeds of n-extremities of k-DOFs each. The state 
vector is defined as a general solution scoping three cases of robot's tangential acceleration: uniform, non-uniform, and constant 
speed. Leg's Cartesian velocities are described by their first order Jacobian, which results in redundant kinematics systems. As 
particular cases of study, two different biological kinematic configurations were analysed in order to be adapted (DOFs 
reductions) as potential kinematic functions of the navigation control law. Although, the research interest is centralised on 
walking systems, the Praying-Mantis raptorial legs, as well as the Smithi ant's legs are analysed. Because of the kinematic 
redundancy, by using pseudo-inverse numerical methods, the solution near a singularity region is unstable about these values. It 
was obtained the first-order derivative pseudo-inverse Jacobian matrix using two different numerical methods for multi-joint 
legs: the right pseudo-inverse, and by singularity properties using the singular value decomposition approach. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the organizing and review committee of IConDM 2013. 
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1. Introduction 
Hyper-static balanced multi-legged walking robots are mechatronic vehicles capable to walk on multi-joint legs 
(see fig.1). Multi-legged robots with three or more extremities are statically stable when walking, [1]. However, 
depending on its gait configuration in use, legs must correctly be synchronized while developing free-walking over 
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all-terrain. If some legs become disabled, the robot may still be able to walk, since not all legs might be needed to 
accomplish stability. Giving other legs the ability to reach new ground placements. Looking into the biology 
literature [8], [9], [10], one can find an amazingly rich variety of insect's combination of joint legs. Arachnids, 
crickets, ants and so forth, which are invertebrate animals with eight or more degrees-of-freedom (DOF) in each 
leg. Much attention has been paid to develop algorithms for gaits control strategies, research on insects biology 
discloses interesting information that may enrich kinematic and dynamic schemes for gaits control for insect-like 
artificial walking machines; [8].Figure 1 depicts kinematic combinations of walking robot's legs. 
 
Fig. 1. Quadruped machines with different types of legs. (a) type RRPRRRR; (b) type PRRRRR; (c) type RRRRRR 
This manuscript's main significance and contribution is purposed to provide a generalised velocity-based 
navigation model of redundantly kinematic control law for walking machines of  n-leg and k-joint, other similar 
approaches did not consider redundant Jacobians [4-11]. The proposed model is stated in terms of robot's global 
acceleration, and formulated as an averaged leg's Cartesian speeds. The state vector is defined as a function of 
robot's tangential acceleration, and leg's Cartesian velocities are described by their first order Jacobian, which 
results in redundant kinematics systems [12]. A particular interest of this study is to include into the general 
navigation control law Jacobian matrices of different kinematic configurations. Therefore, this work has been 
inspired by the research of two biological extremities, the Praying-Mantis raptorial legs [9], and the Smithi ant's 
legs [10]. The direct/inverse kinematic analysis for each leg is considered in order to develop an overall position 
control model for a robot, as to have an integral functional form of variables about the control law [5]. This 
manuscript has the following sections organization. Section 2 describes the kinematics control law proposed as a 
general solution for n number of legs walking machines. In section 3, the legs' kinematic models are described in 
terms of their motion geometry, as well as their first order derivative. Section 4 presents an analysis of the inverse 
velocity Jacobians. Finally, section 5 presents the conclusions. 
 
Nomenclature 
 
,, , ,u A B               state vector (pose and first derivative), input vector, and transition matrices. 
( , , ),x y              
, , , ,
, , , ,
, ( , , ),
, ( , , )
m a m a m a m a
m a m a m a m a
x y z
x y z
p
p
  position vector with cartesian coordinates and first derivative of  mantis/ant. 
( , , , ) , , , ,1 ( 1 )q qi 0 k i 0 k    joint rotation angles and joint angular velocity vector. 
, ii d              link length (constant, variable). 
1
,, TJ JJ J             Jacobian, inverse and pseudo-  
2. Kinematics control law 
A combination of synchronized motions of mechanisms, comprised of open-loop serial chains are configured and 
coordinated to walk yielding controlled trajectories. The fixed-frame Cartesian reference of any walking machine 
is ideally its centre of mass. Kinematic-based control is critically important to describe the geometry of motion of a 
body; [3], and its kinematics gives a description of the leg's configuration spaces. Equation (1) is a linearised state 
model to control the Cartesian speed, 
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( )· ( ) ( )· ( )A t                 (1) 
( )t . The eq.(2
having Cartesian components at first and second derivative functions of time. 
12 12( ) 1 yt yx xy x
x
  (2) 
Therefore, by having a functional form of ( )t , the linearised first order derivative control law is described by 
expression (3), 
1 0 0
cos 0
10 0 sin 0
0 110 0
tx x
v
y y
t
t
  (3) 
The model of instantaneous robot's tangential velocity, for any multi-legged walking machine is expressed by the 
norm of its legs' Cartesian component speeds, given by eq. (4), 
1( ) ·v t Jin
n
qi
i 1
  (4) 
the robot's instantaneous velocity is an averaged value of the n-leg Cartesian speeds. Where legs' first derivative Ji  
is involved for each thi  leg.  Likewise, each leg's Cartesian velocity vector is defined by, 
ip J qi i   (5) 
where ( , , )x y zpi . With no lost of generality, the ( )t  is constrained by three controlled equilibrium conditions 
given by the function g ,  
( ) , ,t tg x x                   (6) 
Hence, (.)g  functional form poses three equilibrium conditions, 
,
, , ( ), ( )
( ) ,
 
 ,
 
0
2 a
a const
f t
ref t v const a
2tx xt x0 2
tg x x t x x x0 12
x x x
               (7) 
Where ( , ,? )T0 0 0 0x x y   
1. The condition for constant acceleration means the multi-legged machine navigates at open obstacle-free 
terrains to keep increased its velocity usually to reach large distances. 
2. The second condition for varying accelerations a(t) controls to slowing down, or speeding up when dealing 
with obstacles (this condition allows flexibility to add new planning formulation that works at the level of 
acceleration values). 
3. The third condition allows keeping a controlled velocity v, with no speed changes under slopes where 
gravitational effects take place. 
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Second and third conditions are nearly linear in the presence of inherent speed perturbations. Therefore, the 
complete linearised kinematic control model is given by (8), 
 
1 0 0
cos
 
1 ·.
, , 12 2 2
0
10 0 sin 0
0 110 0
1 · ·
 
Jin
y x yx xy
t
t
x
t
n
qi
i 1g x x t             (8) 
3. Kinematic analysis 
An extremity is said to be redundant when its number of DOFs is greater than the dimension of its task space. For a 
3D position task, a leg with more than six joints would be redundant [6-7]. A definition of what is meant by the 
term redundant requires that it specifies the number of degrees-of-freedom required to perform a task. Figure 2 (b), 
(d) depict two biological extremities (Praying-mantis and ant), [9]. Figure 2 (a), (c) are generic drawings of their 
reduced DOFs, tarsus in both legs are not considered because of their passive DOFs given for supportive stability, 
rather than significant rotatory movements. The Fig. 2 depicts six rotative motion variables to represent leg's 
contact point (farthest Cartesian position from base joint). 
     Hereafter, formulation given along this paper are just simplified to shorter mathematical expressions, adopting 
next equivalences for trigonometric functions due to limits of paper space. Let us assume that for instance sin 0
is equivalent to 0s , and 1 2cos( ) is equivalent to 12c , 
Fig. 2. Biological legs and their equivalent reduced DOFs. (a) Biological Mantis-leg, (b)Praying mantis-like reduced to six joints with three 
prismatic links, (c) Biological Ant leg, (d) Ant-like leg with six rotative joints. 
3.1 Mantis-like leg kinematics 
Thus, the forward kinematics calculate the ( ) ( , , )Tp t x y zm m m  for the Mantis-like leg  in task space. So that, through 
direct analysis, its forward kinematics is given by xm , ym , and zm ,then,    
  s c s + c s c s c s1 1 3 13 2 4 134 2 5 1345 2 6 13456 2x l d d d lm               (9) 
 s s s s s1 1 3 13 4 134 5 1345 6 13456y l d d d lm              (10) 
  c + c c c1 1 3 13 2 4 134 2 5 134c c c c5 2 6 13456 2cl d d dmz l             (11) 
Homogenising trigonometric functions in such expressions by substituting identities, factorizing and algebraically 
rearranging, equations become further simplified, 
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1 1 1[s s ] [s s ] [s s ] s1 3 123 1 23 4 1234 1 234 5 12345 1 2345 6 13456 22 2 2
s c1x l d d d lm          (12) 
 s s s s s1 1 3 13 4 134 5 1345 6 13456y l d d d lm              (13) 
1 1 1[c c ] [c c ] [c c ] c1 3 1 23 123 4 1 234 1234 5 1 2345 12345 6 13456 22 2
c c1 2
l d dmz d l         (14) 
Hence, representing in vector notation form, previous expressions are now given by, 
1 1 1[s s ] [s s ] [s s ] s1 3 123 1 23 4 1234 1 234 5 12345 1 2345 6 13456 22 2 2
( ) s s s s s1 1 3 13 4 134 5 1345 6 13456
1 1 1[c c ] [c c ] [c c ] c1 3 1 23 123 4 1 234 1234 5 1 2345 12345 6 13456 22 2
s c1
c c
21
l d d d l
l d d d l
l d d d l
p tm         (15) 
Without loss of generality, the p of tangential velocities components are subsequently described. Firstly, the mx  
component given by,     
. .1 1 1 1 1
1 1 3 1 3 11 3 123 3 1 232 2 2 2 2
1 1 1 1 1
4 1234 1 4 1 234 1 5
c c s c s c2 3 2 3 2 3 41 123 1 23 4 1234
s c s c s4 1 234 2 3 4 5 1234 1235 2 3 452 2 4 52 2 2
1
2
c5 1 2
x l d d d d dm
d d d d d
d 1 c c s1 5 1 2345 6 13456 1s345 2 3 2 64 5 3 4 5 13452 6 26 2
d l l s
  (16) 
Secondly, the my  component 
c s c s c s1 1 1 11 3 13 3 13 4 134 4 134 5 1345 5 13c 3 3 4 3 454 51
3 4c 16 5 613456
y l d d d d d dm
l
       (17) 
and then, the mz  component, 
1 1 1 1 1
1 1 1 11 3 3 1 23 3 3 123s s c s c s2 3 2 3 2 3 41 1 23 123 4 1 234
c s c s c4 1234 2 3 4 5 1 2345 2 3 4 5
s5
2 2 2 2 2
1 1 1 1 1
4 1 234 1 4 1234 1 5 1 23452
1
2 2 2
2
2
1
2
l d d d d dm
d d d d d
z
d 1 s c c s1 5 12345 6 13c345 2 3 4 5 3456 1 2 6 134 5 562 246 2
d l l
    (18) 
Likewise, representing in its vector form, 
1 1 1 1 1
1 1 3 1 3 123 3 1 3 1 23c c s c s c1 123 2 3 1 23 2 3 4 1234 2 3 4
s c s c s4 1 234 2 3 4 5 12345 2 3 4 5
12 2 2 2 2
1 1 1 1 1
4 1234 1 4 1 234 1 5 123452 2
c5 1
2 2 2
1
2
(
2
)
l d d d d d
d d d d d
d
tmp
1 c c s s1 5 1 2345 6 13456 1 2 6 13456 22
c s c s c1 1 3 1
s345 2 3
3 1 3 13 4 134 1 4 134
4 5 3 4 5 6 2
c1 3 3 4 3 4 5
3 4 5 6
5 13
s1
45 1
s c5 1345 6 13456 1
1
d l l
l d d d d d
d l
l 1 1 1 1 11 3 1 3 1 23 3 1 3 123 12 2 2 2 2
1 1 1 1 1
4 1 234
s c s c s1 23 2 3 123 2 3 4 1 234 2 3 4
c s c s c4 1234 21 4 12343 4 5 1 2345 21 5 1 23452 2 2 2 2
1
1
3 4 5
s5 123452 2
d d d d d
d d d d d
d 1 s c c s5 12345 6 13456 1 2 6 1345c3 4 5 3 4 5 6 26 22
d l l
     (19) 
Then, factorizing common terms, ( , , )0 1 6q , and by simplifying the forward kinematics model for 3D, the 
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equation (20) resulted,  
 
1 1 1 1 1 1s c s c s c123 1 23 1234 1 234 12345 1 23452 2 2 2 2 2
3 4 513 134 1345
1 1 1 1 1 1c c c1 23 123 1 234 1234 1 2345 123452 2 2 2 2 2
c c c
d s d s d sp J q           (20) 
3.2 Ant-like leg kinematics 
    Figure 2-right shows a generic drawing of a leg's Cartesian framework and its DOFs, inspired by the Ant Smithii 
([10]). It poses nine real DOF, but it was adopted only six DOF because of the rest of them are tarsus specifically 
used to keep adapted to ground texture as if they were passive joints. The first three DOF are embedded in the 
same joint, so that, the equations of direct kinematics for the three Cartesian components are as follow, 
1 1 3 13 2 4 134 2 5 1345 2 6 13456 2s c s c s c s c sx l l l l la             (21) 
1 1 3 13 4 134 5 1345 6 13456s s s s sy l l l l la              (22) 
1 1 3 13 2 4 134 2 5 1345 2 6 13456 2c c c c c c c c cz l l l l la             (23) 
Therefore, in vector form the leg position is given by equation (24), 
1 1 3 13 2 4 134 2 5 1345 2 6 13456 2
1 1 3 13 4 134 5 1345 6 13456
1 1 3 13 2 4 134 2 5 1345 2 6 13456 2
s c s c s c s c s
s s s s s
c c c c c c c c c
( )
l l l l l
l l l l l
l l l l l
p ta             (24) 
In addition, by deriving w.r.t. time, our three first-order derivative Cartesian components, 
1 1 3 2 1 3 4 2 1 3 4 51 1 3 13 2 3 13 2 4 134 2 4 134 2 5 1345 2
2 1 3 5 6 25 1345 2 6 13456 2 6 13456 2
c s s c c s s c c s s
c c s s c c4
x l l l l l la
l l l
        (25) 
1 1 3 1 3 4 1 3 4 5 1 3 4 5 61 1 3 13 4 134 5 1345 6 13456c s c c cy l l l l la         (26) 
1 1 3 2 1 3 4 2 1 3 4 51 1 3 13 2 3 13 2 4 134 2 4 134 2 5 1345 2
2 1 3 4 5 6 25 1345 2 6 13456 2 6 13456 2
s s c c s s c c s s c
c s s c c s
z l l l l l la
l l l
(27) 
Arranging in its vector form the forward kinematics model is, 
c s s c c s s c c s s1 1 1 3 13 1 3 2 3 13 2 2 4 134 1 3 4 2 4 134 2 2 5 1345 1 3 4 5 2
c c s s c c5 1345 2 2 6 13456 1 3 4 5 6 2 6 13456 2 2
c s c c1 1 1 3 13 1 3 4 134 1 3 4 5 1345 1
l l l l l l
l l l
l l l l
pa
c3 4 5 6 13456 1 3 4 5 6
s s c c s s c c s s c1 1 1 3 13 1 3 2 3 13 2 2 4 134 1 3 4 2 4 134 2 2 5 1345 1 3 4 5 2
c s s c c s5 1345 2 2 6 13456 1 3 4 5 6 2 6 13456 2 2
l
l l l l l l
l l l
      (28) 
    For the ant-like leg, only rotative joints were mathematically described, and no prismatic variables are 
kinematically involved. 
 
4. Jacobian matrix anaysis 
Although the general problem of inverse kinematics is not straightforward, it turns out that for extremities having 
six joints, with their last three DOF intersecting at a point, it is possible to decouple the inverse kinematics problem 
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into two simpler problems [6]. It is known respectively, as inverse position kinematics, and inverse orientation 
kinematics. Thus, from the required algebraic solution for joint velocities vector, 
1q J p                 (29) 
The Jacobian matrix for the Mantis-like extremity in terms of first-order derivative is disclosed next, 
1
1 1 1 12 s c s c123 1 23 1234 1 2341 2 3 4 5 6 2 2 2 2
3 s3 41 2 3 4 5 6 13 134
4 1 1 1 11 2 3 4 5 6 c c1 23 123 1 234 12c c 345 2 2 2 2
6
a a a a a ax
y b b b b b b d d s
z c c c c c c
1 1s c12345 1 23452 2
5 1345
1 1c1 2345 122
c 3452
d s        (30) 
The Jacobian matrix terms are defined next in their functional form by, 
1 1 1 1 1
1 1 3 123 3 1 23 4 1234 4 5 123452 2 2 2 2
1
5 1 2345 6 13456 22
1 1 1 1 1 1 c3 123 3 1 23 4 1234 4 5 12345 5 1 2345 6 13456 22 2 2 2 2 2
1 1 1 1
3 123 3 1 23 4 1234 42 2
c c c c c c1 1 234
c s s
c c c c c c c2 1 234
c c c
2 2
c3 1 234
a l d d d d d
d l
a d d d d d d l
a d d d d 1 15 12345 5 1 2345 6 13456 22 2
1 1 1 1
4 1234 4 5 12345 5 1 2345 6 13456 22 2 2
c c s s
c c c c s
2
1 1
5 12345 5 1 2345 6 13456 22 2
6 13456
s4 1 234
c c s s5
s s6 2
d d l
a d d d d l
a d d l
a l
              
s c c c c1 1 1 3 13 4 134 5 1345 6 13456
02
c c c c3 3 13 4 134 5 1345 6 13456
c c c4 4 134 5 1345 6 13456
c c5 5 1345 6 13456
c6 6 13456
b l d d d l
b
b d d d l
b d d l
b d l
b l
 
s s s s s s s
s s
1 1 1 1 1 1
s1 1 1 3 1 23 3 123 4 1 234 4 1234 5 1 2345 5 12345 6 13456 22 2 2 2 2 2
1 1 1 1 1 1
2 3 1 23 3 123 4 1 234 4 1234 5 1 2345 5 12345 6 13456 22 2 2 2 2
s s s s c s
s
2
1 1 1 1
3 3 1 23 3 123 4 1 234 4 122 2
s
2
s
2
c l d d d d d d l c
c d d d d d d l
c dsd d d s s s c
s s s s s c
s s s c
s c
1 1
34 5 1 2345 5 12345 6 13456 22 2
1 1 1 1
4 4 1 234 4 1234 5 1 2345 5 12345 6 13456 22 2 2 2
1 1
5 5 1 2345 5 12345 6 13456 22 2
6 6 13456 2
d d l
c d d d d l
c d d l
c l
 
In addition, for the case of the ant-like Jacobian expression of first-order derivative, equation (31) is the analytical 
solution, 
1
2
1 2 3 4 5 6
3
1 2 3 4 5 6
41 2 3 4 5 6
5
6
x a a a a a a
y b b b b b b
z c c c c c c
             (31) 
Similarly, with its Jacobian matrix terms given in thier functional representations, 
c s s s s s s1 1 1 3 13 2 4 134 2 5 1345 2
s s6 13456 2
c c c c c c c c2 3 13 2 4 134 2 5 1345 2 6 13456 2
s s s s s s s s3 3 13 2 4 134 2 5 1345 2 6 13456 2
s s s s s s4 4 134 2 5 1345 2 6 13456 2
s s s s5 5 1345 2 6 13456 2
s s6 6 13456 2
a l l l l
l
a l l l l
a l l l l
a l l l
a l l
a l
       
c c c c1 1 1 3 13 4 134 5 1345
c6 13456
02
c c c c3 3 13 4 134 5 1345 6 13456
c c c4 4 134 5 1345 6 13456
c c5 5 1345 6 13456
c6 6 13456
b l l l l
l
b
b l l l l
b l l l
b l l
b l
       
s s c s c s c1 1 1 3 13 2 4 134 2 5 1345 2
s c6 13456 2
c s c s c s c s2 3 13 2 4 134 2 5 1345 2 6 13456 2
s c s c s c s c3 3 13 2 4 134 2 5 1345 2 6 13456 2
s c s c s c4 4 134 2 5 1345 2 6 13456 2
s c s c5 5 1345 2 6 13456 2
s c6 6 13456 2
c l l l l
l
c l l l l
c l l l l
c l l l
c l l
c l
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Nevertheless, when Jacobian is not square, as the case of redundant multi-joint extremities, the method is 
numerically solved since for a non-squared matrix there is no determinant and therefore cannot be directly 
inverted. Thus, to deal with the case m<n, we use the right pseudo-inverse from linear algebra. For ,m nJ  and 
rank mJ , then 1( )JJ  exists. In this case ( ) m mTJJ  and has rank m. 
    Note that, ,n nJ J  and that in general, J J i  (recall that matrix multiplication is not commutative). Therefore, 
the inverse leg's kinematics model is given for either Mantis-like leg or ant-like leg. Taking the ant-like leg inverse 
model, 
1 1 1 1 1 1
1
2 2 2 2 2 2
2
3 3 3 1 2 3 4 5 6 3 3 3
3
4 4 4 1 2 3 4 5 6 4 4 4
4
5 5 5 5 5 51 2 3 4 5 6
5
6 6 6 6 6 6
6
a b c a b c
a b c a b c
a b c a a a a a a a b c
a b c b b b b b b a b c
a b c a b cc c c c c c
a b c a b c
1
x
y
z
           (32) 
Furthermore, this solution is complemented alternatively with a second numeric method to find the inverse 
kinematics by decomposing the Jacobian singular values, by the eigenvalues 01 2 m   of square matrix .TJJ  
The singular values for the J  are given by the square roots of the eigenvalues of TJJ  through 2i i  , where
[ , , , ]mU u u u1 2  , and [ , , , ]nV v v v1 2  that are orthogonal matrices, and
m n  . 
    The diagonal matrix diag( , , , )m 0 1 k  is squared and symmetric. Hence, it is defined .m m
T 1
V J U  Notice 
that V  is an n n  matrix. Then, constructing the right pseudo-inverse of J  using singular value decomposition, 
the  1 TJ V  . Therefore, through SVD the ant-like leg inverse kinematics is given by (33), 
1 1 1 1
1
2 2 2 2
2
3 3 3 1 2 3 4 5 6 3
3
4 4 4 1 2 3 4 5 6
4
5 5 5 1 2 3 4 5 6
5
6 6 6
6
a b c a b
a b c a
a b c a a a a a a a
a b c b b b b b b
a b c c c c c c c
a b c
1 1U m m
1
1 1
2 2
3 3
4 4 4
5 5 5
6 6 6
T
c
b c
b c x
a b c y
za b c
a b c
2U m          (33) 
The forward kinematics ( )tp  and ( )tp  are analytic solutions. However, their inverse solutions ( )t  and ( )t  are 
numeric ones. Either types of equation can be used within the general  navigation control law ( ),t  which will only 
depend on its navigational algorithmic convenience. 
5. Results and Discussion 
Figure 3 depicts work spaces of both extremities Mantis-like (3-(a)), and ant-like (3-(b)) legs. The coordinate 
(0,0)  correspond to each leg's first joint dubbed 0 . A transversal cut of either plots would represent an 
approximation of a single leg step. The work space is a Cartesian plot showing the set of possible 3D locations a 
leg is able to reach in terms of its kinematic restrictions. The vector models mp  and ap  are the Mantis-like and 
ant-like forward kinematic equations respectively. 
For the case of first order legs kinematics ( )tp  , the figure 4 illustrates the x , y , z  evolution in reference to a 
single leg-step trajectory, fig.4-(a) for Mantis-like leg step, and 4-(c) for ant-like leg step. Their magnitudes in 
velocity given by the norm mp  and ap  are depicted by fig.4-(b)(d), respectively. For these results, a step given 
by a Mantis-like leg, the joints 0  , 3  , and 5  were controlled, according to empirical observations of the insect's 
walking movements. 
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In addition, for the ant-like leg, a step trajectory was emulated by controlling the joints 1  , 2  , and 4  only, 
according to insects empirical observations. The small differences of speed magnitudes between Mantis and ant, 
resulted because of links lengths configuration were arbitrary taken considering insects' size rates. The joints are 
adjusted and configured since the expression ·J  of equation (4) allows it. 
 
Fig. 3 (a) Mantis-like walking-step space; (b) Ant-like 3D walking-step space 
 
 
Fig. 4. Robot's one step trajectory. (a) Cartesian speeds Mantis-like leg; (b) Magnitude of velocity, Mantis-like leg; (c) Cartesian velocities of 
Ant-like leg; (d) Magnitude of velocity ant-like leg. 
 
The general acceleration restrictions given by function ( , , )g x x x as the motion state vector in the navigation control 
law is illustrated by figure 5. It depicts the instantaneous robot's tangential velocity evolution, according to 
equation (7). At constant acceleration 20.25ms for the first equation condition. However, for second restriction, 
despite is a linear function of time, its behaviour is prone to slope changes affecting displacements. It is because 
the instantaneous acceleration gives such slope value. The acceleration depends on differences in time of two 
successive instantaneous velocities. The third acceleration restriction was set at 0.25 /refv m s , and 0.25 . Although
0a , its behaviour in time is gradually increased or decreased (if the case) because it is velocity controlled equation 
at constant speed change overtime gives stability of rate displacement. 
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( , , )g x x x . 
6. Conclusions 
In this study a control law for hyper-static multi-legged artificial system of redundant kinematics was presented. 
conditions that depend on any of the acceleration condition states: uniform, non-uniform and magnitude zero. The 
 defined in terms of the nom of Jacobians 
1 n
Ji in i
, where n is the number of legs, and joints vector is explicitly defined in accordance to a given walking 
ian positions analysis to solve the inverse and forward 
solution for the system of non-linear equations. Instead, a first order derivative analysis of kinematics equations 
system was stated. Two different bio-inspired six-DOF extremities with redundant kinematics were studied and 
anatysed through simulation results; the Praying-Mantis, and the Ant Smithii. Their model of position and 
Cartesian velocities were stated and simulation results presented. Because of the paper discussed on redundant 
kinematics extremities, two solutions for the problem of inverse Jacobians kinematics solutions were proposed 
based on numeric approaches: the right pseudo-
SVD.    
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